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 ,QWURGXFWLRQ
:LWK WKH LQFUHDVLQJ UHTXLUHPHQW RI DXWRPRWLYH LQGXVWU\ KLJK SHUIRUPDQFH DQG ZHLJKW UHGXFWLRQ KDYH EHFRPH
PDLQFRQFHUQWRLPSURYHIXHOHIILFLHQF\DQGHQKDQFHWKHGULYLQJSHUIRUPDQFH,QRUGHUWRPHHWWKHVHUHTXLUHPHQWV
FRQWLQXRXVHIIRUWVDUHPDGHWRGHYHORSWKH FRPSRVLWHPDWHULDOVZKLFKDUHJRRGFDQGLGDWHVWRDFKLHYHWKLVJRDO7KH
SUHVHQWVWXG\ LVFRQFHUQHGZLWKPHWDOPDWUL[FRPSRVLWHDQGPRUHVSHFLILFDOO\RQ WKHDOXPLQXPPDWUL[FRPSRVLWHV
$0&V $0&V UHIHU WR FODVV RI OLJKW ZHLJKW KLJK SHUIRUPDQFH DOXPLQXP EDVH PDWHULDO V\VWHP >6XGDUVKDQ DQG
6XUDSSD LQ @ ,Q $0&V RQH RI WKH FRQVWLWXHQWV LV DOXPLQXP DOOR\ ZKLFK IRUPV SHUFRODWLQJ QHWZRUN DQG LV
WHUPHGDVPDWUL[SKDVH7KHRWKHUFRQVWLWXHQWLVHPEHGGHGLQWKLVDOXPLQXPDOOR\PDWUL[DQGVHUYHVDVUHLQIRUFHPHQW
7KLV UHLQIRUFHPHQW LV XVXDOO\ QRQPHWDOOLF DQG FRPPRQO\ FHUDPLFV VXFK DV R[LGHV FDUELGHV QLWULGHV DQG ERULGHV
*DUQHW LV DQ DWWUDFWLYH UHLQIRUFHPHQW PDWHULDO EHFDXVH RI LWV H[FHOOHQW FKHPLFDO DQG WKHUPDO VWDELOLW\ $OJDUQHW
FRPSRVLWHV FDQEHSURFHVVHGZLWK ORZFRVW VWLU FDVWLQJ URXWHV+RZHYHU LQ WKH OLWHUDWXUH SDUWLFOH YROXPH IUDFWLRQ
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@,QUHFHQW
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@ 'DV HW DO>@
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PHWDOV DQG FHUDPLFV 6LQFH WKH PLQHUDOV DUH QDWXUDOO\ RFFXUULQJ VXEVWDQFH VR LWV DSSOLFDWLRQ RI GHYHORSHG WKH
FRPSRVLWHZLOOEHHFRQRPLFDO0RUHRYHUJDUQHWDVUHLQIRUFHPHQWKDVQRWEHHQVWXGLHGVRIRU
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VL]H P DQG P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VWLUUHG XVLQJ D JUDSKLWH LPSHOOHU DW D VSHHG RI  USP $W WKLV VSHHG YRUWH[ LV FUHDWHG LQ WKH PHOW DQG WKH
UHLQIRUFHPHQWPDWHULDOLVWKHQLQWURGXFHGDWWKHVLGHRIWKHYRUWH[ZLWKWKHKHOSRIIXQQHONHSWRQWRSRIWKHYRUWH[
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3DUWLFOHV SULRU WRPL[LQJZHUH SUHKHDWHG DW  Û& WR GULYH RII WKHPRLVWXUH 7KH VWLUULQJ LV FRQWLQXHG IRU D IHZ
PLQXWHVEHIRUHWKHVOXUU\LVFDVW6WLUULQJKHOSVLQWUDQVIHUULQJ SDUWLFOHVLQWRWKHOLTXLGPHWDODQGDOVRPDLQWDLQLQJWKH
SDUWLFOHV LQ D VWDWH RI VXVSHQVLRQ 7KH GHYHORSPHQW RI WKH YRUWH[ GXULQJ VWLUULQJ LV REVHUYHG WR EH KHOSIXO IRU
WUDQVIHUULQJWKHSDUWLFOHVLQWRWKHPDWUL[PHOWDVWKHSUHVVXUHGLIIHUHQFHEHWZHHQWKH LQQHUDQGWKHRXWHUVXUIDFHRIWKH
PHOWVXFNVWKHSDUWLFOHVLQWRWKHOLTXLG3URFHVVLQJYDULDEOHVVXFKDVKROGLQJWHPSHUDWXUHVWLUULQJVSHHGVL]HRIWKH
LPSHOOHU DQG WKH SRVLWLRQ RI WKH LPSHOOHU LQ WKH PHOW DUH DPRQJ WKH LPSRUWDQW IDFWRUV WR EH FRQVLGHUHG LQ WKH
SURGXFWLRQRIFDVWPHWDOPDWUL[FRPSRVLWHVDVWKHVHPDNHDQLPSDFWRQPHFKDQLFDOSURSHUWLHV'XULQJSURGXFWLRQRI
WKHFRPSRVLWHWKHDPRXQWRI/0DOOR\VWLUULQJGXUDWLRQDQGSRVLWLRQRIVWLUUHULQWKHFUXFLEOHZHUHNHSWFRQVWDQW
WRPLQLPL]HWKHFRQWULEXWLRQRIYDULDEOHVUHODWHGWRVWLUULQJRQGLVWULEXWLRQRIVHFRQGSKDVHSDUWLFOHV
0DWHULDO&KDUDFWHUL]DWLRQ
7KHSUHSDUHG FRPSRVLWHVZHUH FXW DQGSROLVKHGPHFKDQLFDOO\ WRREVHUYH WKHLU VWUXFWXUHXQGHURSWLFDOPLFURVFRSH
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7HVWVZHUHFRQGXFWHGRQSLQ VKDSHGVSHFLPHQFXW IURPHDFKVHWRIFRPSRVLWHDWDFRQVWDQWVOLGLQJYHORFLW\RI
PVHFXVLQJDSLQRQGLVFZHDUPRQLWRU3LQVKDSHGVDPSOHVZHUHPDGHWRVOLGHDJDLQVWWKHKDUGHQHGVWHHOGLVFV7KH
ZHDUWHVWVZHUHPHDVXUHGDVDIXQFWLRQRIVOLGLQJGLVWDQFHDWORZORDGNJDQGKLJKORDGNJ6(0DQDO\VLVRIZHDU
WUDFNVDQGGHEULVFROOHFWHGDIWHUZHDUWHVWDWORZDQGKLJKORDGV
5HVXOWVDQG'LVFXVVLRQ
7KHPLFURVWUXFWXUHZHDUUDWHZRUQVXUIDFHRIVSHFLPHQDIWHUZHDUDQGZHDUGHEULVDUHDQDO\]HGWRXQGHUVWDQGWKH
PLFURVWUXFWXUDOHYROXWLRQDQGZHDUPHFKDQLVPLQYROYHGLQPDWHULDOUHPRYDORIWKHFRPSRVLWHVXQGHULQYHVWLJDWLRQ
0LFURVWUXFWXUDO$QDO\VLV
+RPRJHQHRXVGLVWULEXWLRQRIWKHJDUQHWUHLQIRUFHPHQWSDUWLFOHVLQWKHPDWUL[LVHVVHQWLDOWRIRUPDFRPSRVLWHZLWK
XQLIRUPPHFKDQLFDOSURSHUWLHV7KHRSWLFDOPLFURJUDSKRIFRPSRVLWHVUHLQIRUFHGZLWKILQHDQGFRDUVHSDUWLFOHV
DUHVKRZQLQ)LJDDQGE7KH)LJDDQGEVKRZVWKHKRPRJHQHRXVGLVWULEXWLRQRIILQHDQGFRDUVHSDUWLFOHVLQ
WKHDOOR\PDWUL[7KHPHFKDQLFDOVWLUULQJQRWRQO\GLVWULEXWHGWKHSDUWLFOHVKRPRJHQHRXVO\EXWDOVRGHOD\VWKHSDUWLFOH
VHWWOLQJSULRUWRVROLGLILFDWLRQ*RRGERQGLQJRILQWHUIDFHEHWZHHQSDUWLFOHDQGDOOR\PDWUL[LVH[KLELWHGLQWKH)LJ
5DMDQ HW DO LQ >@ ILQG RXW WKDW WKH VPRRWK LQWHUIDFH SURYLGHV EHWWHUPHFKDQLFDO DQG WULERORJLFDO SURSHUWLHV DV
WUDQVIHU RI ORDG RFFXUV WKURXJK WKH LQWHUIDFH7KH RSWLFDOPLFURJUDSK RI FRQWDLQLQJ ZW ILQH DQG FRDUVH VDQG
SDUWLFOHVLVVKRZQLQ)LJEDQGG,WLVREVHUYHGWKDWWKHJDUQHWVOLJKWO\VHJUHJDWHLQWKHPDWUL[GXHWRWKHLUSRRU
ZHWWDELOLW\ZLWKWKHPDWUL[ZKLFKDUHGLVDGYDQWDJHRXVWRLPSURYHWKHPHFKDQLFDOSURSHUWLHVRIWKHFRPSRVLWHV7KH
LQFUHPHQW LQ DPRXQW RI JDUQHW UHLQIRUFHPHQW ZW WR ZW LQ PDWUL[ SRVVLELOLW\ RI VHJUHJDWLRQ RI JDUQHW
SDUWLFOHVLQFUHDVHZLWKUHVSHFWWRGHFUHPHQWRISDUWLFOHVVL]H*DUQHWLVGLVWULEXWHGLQWKHDOXPLQXPPDWUL[ZKLFKFDQ
HIIHFWLYHO\ SUHYHQW WKH GLVORFDWLRQ PRYHPHQW LQ WKH /0 DOOR\ PDWUL[ :LWK WKH LQFUHDVH RI WKH UHLQIRUFHPHQW
YROXPHIUDFWLRQWKHLQWHUVSDFHVEHWZHHQWKHUHLQIRUFHPHQWVGHFUHDVHLQPDWUL[DQGWKHKLQGUDQFHWRWKHGLVORFDWLRQ
PRYHPHQWHQKDQFHVIXUWKHUZKLFKFDQOHDGWRWKHIXUWKHULQFUHDVHLQWKHKDUGQHVVRIFRPSRVLWHV$SDUWIURPWKLVWKH
PDWUL[ DOVR JHWV PRGLILHG IURP GHQGULWLF WR FHOOXODU W\SH EHFDXVH RI LQWHUIHUHQFH RIIHUHG E\ ILQH SDUWLFOHV WR WKH
JURZLQJVROLGOLTXLGLQWHUIDFHDVVKRZQILJDDQGF+RPRJHQHRXVGLVWULEXWLRQVRISDUWLFOHVZKLFKDUHDUUDQJHG
LQUDQGRPIDVKLRQGXHWROLPLWHGDPRXQWRIFRDUVHSDUWLFOHUHLQIRUFHPHQWDUHVHHQ)LJG7KLVFDQEHH[SODLQHGE\
WKHIDFWWKDWJDUQHWSDUWLFOHVKDYHDORZHUWKHUPDOFRQGXFWLYLW\DQGKHDWGLIIXVLYLW\WKDQDOXPLQXPPHOWDQGWKHUHIRUH
JDUQHWSDUWLFOHVDUHXQDEOHWRFRROGRZQZLWKWKH PHOW$VDUHVXOWWKHWHPSHUDWXUHRIWKHSDUWLFOHVLVKLJKHUWKDQWKDW
RI WKH OLTXLGDOOR\7KHKRWWHUSDUWLFOHVPD\KHDWXS WKH OLTXLG LQ WKHLU LPPHGLDWHVXUURXQGLQJVDQG WKXVGHOD\ WKH
VROLGLILFDWLRQ RI WKH VXUURXQGLQJ OLTXLG DOOR\ 7KH JDUQHW SDUWLFOHV JHQHUDOO\ REVHUYHG DUH DFFXPXODWHG LQ WKH
LQWHUGHQGULWLFUHJLRQVDQGJHRPHWULFDOWUDSSLQJE\GHQGULWHVLVUDUHO\REVHUYHG7KHREVHUYDWLRQVE\=KDQJDQG$OSDV
LQ>@&KDXGKXU\HWDOLQ>@DQGVXJJHVWWKDWWKHJDUQHWSDUWLFOHVDUHDOZD\VSXVKHG E\GHQGULWHIURQWVGXULQJ
VROLGLILFDWLRQUHJDUGOHVVRIWKHGHQGULWLFDUPVSDFLQJ
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)LJ 7KHRSWLFDOPLFURJUDSKRIFRPSRVLWHVZLWKUHLQIRUFHGDZWILQHSDUWLFOHVEZWFRDUVHSDUWLFOHV
FZWILQHSDUWLFOHVDQGGZWFRDUVHSDUWLFOHV
:HDUFKDUDFWHULVWLFV
(IIHFWRIVOLGLQJGLVWDQFHRQZHDUUDWH
$FFRUGLQJWR$UFKDUG¶VWKHRU\>@WKHDPRXQWRIVOLGLQJZHDULVXVXDOO\SURSRUWLRQDOWRWKHDSSOLHGORDGDQGWKH
VOLGLQJ GLVWDQFH DQG LV LQYHUVHO\ SURSRUWLRQDO WR WKH KDUGQHVV RI WKH VXUIDFH ZRUQ DZD\ 6KHDULQJ RI WKH DVSHULW\
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MXQFWLRQVFDQRFFXULQRQHRIWKHWZRERGLHVGHSHQGLQJRQWKHUHODWLYHPDJQLWXGHRILQWHUIDFLDODGKHVLRQVWUHQJWKDQG
WKH VKHDULQJ VWUHQJWKRI VXUURXQGLQJ ORFDO UHJLRQV7KHHIIHFWRI VOLGLQJVSHHGVKRZVD UHDVRQDEOHGHFUHDVHRI WKH
ZHDUORVV$VVKRZQLQ)LJDDQGEWKHZHDUORVVLVPRUHLQWKHEHJLQQLQJ+RZHYHUZLWKWKHLQFUHDVHRIORDG
PRUHZHDUORVVRFFXUV)XUWKHULQFUHDVHRIVOLGLQJGLVWDQFHUHVXOWVLQWKHGHFUHDVHRIZHDUORVVGXHWRWKHLQFUHDVHLQ
FRQWDFWDUHD0RVWPHWDOVR[LGL]HVW\SLFDOO\LQDLUWRIRUPR[LGHILOPZLWKLQDIHZPLQXWHVRIH[SRVXUHRIWKHFOHDQ
VXUIDFH7KLVHQDEOHVDFRQVWDQWZHDUUDWHRIPDWHULDO$WNJORDGVWKHR[LGHILOPVVHSDUDWHWKHWZRPHWDOVDQGWKH
FRHIILFLHQWRIIULFWLRQLVORZEHFDXVHWKHR[LGHKDVORZVKHDUVWUHQJWKDQGLWVORZGXFWLOLW\OLPLWVWKHMXQFWLRQJURZWK
$WKLJKHUORDGVNJWKHVXUIDFHILOPVGHIRUPDQGPHWDOOLFFRQWDFWRFFXUVOHDGLQJWRKLJKHUZHDUUDWH7KHSUHVHQFH
RIR[LGHOD\HUUHGXFHVWKHFKDQFHRIGLUHFWPHWDOOLFFRQWDFWDQGWKHUHIRUHDVSHULWLHVLQWHUDFWLRQLVUHGXFHGZKLFKLVD
SUHUHTXLVLWHIRUDGKHVLYHZHDU>5DMDQHWDOLQ@+LJKHUORDGNJUHVXOWVLQVXUIDFHIULFWLRQDOKHDWLQJZKLFKLQ
WXUQUHVXOWVLQWKHIRUPDWLRQRIDWKLQPROWHQOD\HUDWDVSHULW\FRQWDFWVLQWKHFDVHRIORZPHOWLQJRIPHWDOV7KH ZHDU
ORVV LV OHVV IRU JDUQHW UHLQIRUFHG FRPSRVLWHV HYHQ DW KLJK ORDGV NJ 7KH R[LGL]HG GHEULV IRUPV WKH VWDEOH
PHFKDQLFDOO\ PL[HG OD\HU 00/ RQ WKH VXUIDFH 7KLV HQDEOH PDWHULDO WR ZLWK VWDQG WKH KLJKHU WHPSHUDWXUHV
FRPSDUHGZLWKRWKHUPDWHULDOVFDXVLQJUHGXFWLRQLQZHDUUDWH>@
(IIHFWRIUHLQIRUFHGFHUDPLFSDUWLFOHVVL]HRQZHDUUDWH
7KHYDULDWLRQRIZHDUUDWHZLWKVOLGLQJGLVWDQFHRIWKHFRPSRVLWHKDVEHHQLQYHVWLJDWHGDWILYHGLIIHUHQWORDGVZKLFK
DUHVKRZQLQ)LJDQG,WLVREVHUYHGWKDWZHDUUDWHRIWKHFRPSRVLWHVLQFUHDVHVZLWKWKHLQFUHDVHLQDSSOLHGORDG
7KLVUHSUHVHQWDWLRQ FRQFOXGHVWKDWILQHSDUWLFOHUHLQIRUFHGFRPSRVLWHH[KLELWVEHWWHUZHDUUHVLVWDQFHLQFRPSDULVRQWR
FRDUVHSDUWLFOHVDWNJ WRNJ ORDGV7KH ILQHSDUWLFOHVKDYHPRUH VXUIDFHDUHD LQFRPSDULVRQ WRFRDUVHSDUWLFOH LQ
/0DOOR\PDWUL[7KHPRUHVXUIDFHDUHD LV UHSUHVHQWLQJ WKHPRUH LQWHUIDFHDUHDRI WKHJDUQHWSDUWLFOHVZKLFK LV
UHVSRQVLEOH IRU HQKDQFHGPHFKDQLFDO SURSHUWLHV RI FRPSRVLWHV7KHQDWXUHRI GLVWULEXWLRQRI GLIIHUHQW VL]H VHFRQG
SKDVHSDUWLFOHVJDUQHWPD\OHDGWRGHYHORSPHQWRIGLIIHUHQWVL]HV RIDVSHULWLHVEHFDXVHFRPSRVLWHVXUIDFHURXJKQHVV
GHSHQGV XSRQ WKH UHLQIRUFHPHQW SDUWLFOHV VL]H >+DVKLP HW DO LQ @ )LQH UHLQIRUFHPHQW FRPSRVLWH KDYH ILQH
VXUIDFH DV FRPSDUHG WR FRDUVH UHLQIRUFHG FRPSRVLWH $V WKH ORDG LV LQFUHDVHG WKH VHSDUDWLRQ EHWZHHQ VXUIDFHV
GHFUHDVHVDQGPRUHRIWKHVRIWHUDVSHULWLHVXQGHUJRFKDQJHVLQKHLJKWDQGVKDSHE\WKHSDVVDJHRIWKHKLJKHVWKDUG
DVSHULWLHV 7KH FDVH RI WKH VWDWLF FRQWDFW EHWZHHQ DQ LQGLYLGXDO KDUG DVSHULW\ DQG D VRIW VXUIDFH LV HTXLYDOHQW WR
LQGHQWLQJD KDOIVSDFHZLWKDKDUGVSKHUH$PRUHSURPLQHQWDVSHULW\JLYHVDJUHDWHUFRPSUHVVLRQDQGVRGHYHORSVD
KLJKHU FRQWDFW SUHVVXUH7KHZHDU UHVLVWDQFH RI WKH FRPSRVLWHV LQFUHDVHVZLWK LQFUHDVH LQ UHLQIRUFHPHQW RI JDUQHW
VDQGLQPDWUL[7KHZHDUEHKDYLRURIERWKFRPSRVLWHVLQFUHDVHGZLWKLQFUHDVHLQDSSOLHGORDGDVVKRZQLQILJXUH	
)RUZHDUWHVWDWWRNJORDGVWKHZHDUUDWHRIWKHFRPSRVLWHGHFUHDVHVFRQVWDQWO\ZLWKWKHLQFUHDVHRIVOLGLQJ
GLVWDQFH&RPSDUHGWRORZORDGWKHKLJKHUDSSOLHGORDGPDNHVWKHYDULHGUHJLRQDQGLQFUHDVHLQGHJUHHRIWKHZHDU
VXEVXUIDFH0RUHRYHUVRPHRIWKHFUDFNHGEULWWOHEORFNVGHWDFKHGIURPWKHPDWUL[UHHQWHULQWRWKHDOXPLQXPPDWUL[
E\WKHDSSOLHGORDGZKLFKUHVXOWVLQWKHUHGXFWLRQRIWKHFRQWDFWDUHDDQGWKHQXPEHURIMXQFWLRQVZKLFKUHTXLUHV
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OHVVHQHUJ\WRVKHDUGXULQJWKHVOLGLQJ,QDGGLWLRQZLWKWKHLQFUHDVHRIWKHDSSOLHGORDGVWKHIULFWLRQDOKHDWRQWKH
ZHDU VXUIDFH LQFUHDVHV +HQFH WKH R[LGDWLRQ OD\HU LQFUHDVHV ZKLFK ZLOO DOVR UHGXFH WKH ZHDU UDWH 'XULQJ WKH
UHSHDWHG GU\ VOLGLQJ FRQWDFWV WKH ZRUN KDUGHQLQJ PD\ RFFXU RQ WKH ZHDU VXUIDFH ZKLFK ZLOO HQKDQFH WKH ZHDU
UHVLVWDQFHRI WKHFRPSRVLWHV >=KDQJDQG$OSDV@)URPILJXUH 	 LW FDQEH VHHQ WKDW WKHZHDU UDWHVDUH
VOLJKWO\FKDQJHGEXWEHKDYLRU UHPDLQV VDPHZLWK LQFUHDVLQJ WKHDSSOLHG ORDG 7KLVPD\EHDWWULEXWHG WR WKHVWHDG\
SURSHUWLHVRIWKHFRPSRVLWHV
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)LJ:HDUUDWHDJDLQVWWKHVOLGLQJGLVWDQFHRIWKHFRPSRVLWHVZLWKZWDILQHDQGEFRDUVHJDUQHW UHLQIRUFHG
0RUSKRORJLFDODQDO\VLVRIZRUQVXUIDFHDQGGHEULV
7KHPRUSKRORJLHVRIZRUQRXWVXUIDFHRISLQVDQGGHEULVRIIHUFOXHVWRWKHZHDUPHFKDQLVPVLQYROYHGLQVOLGLQJWKH
VDPSOHDJDLQVWORDG7KH6(0PLFURJUDSKVRIWKHILQHDQGFRDUVHJDUQHWVDQGUHLQIRUFHGFRPSRVLWHVWHVWHGDWORDGV
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RINJDWDVSHHGRIPVDUHSUHVHQWHGLQ)LJZKLFKVKRZWKHZHDUWUDFNPRUSKRORJ\RIWKHVSHFLPHQ
)LJ 6(0PLFURJUDSKRIZHDUWUDFNVRIFRPSRVLWHZLWKZWILQHVL]HJDUQHWUHLQIRUFHGDWD  NJDQGENJ
ORDG
2QHRI WKHFRPPRQ IHDWXUHREVHUYHG LQERWK ORZHUDQGKLJKHU ORDG LV WKHIRUPDWLRQRIJURRYHVDQGULGJHVZKLFK
DSSHDUSDUDOOHOWRWKHVOLGLQJGLUHFWLRQLQFRPSRVLWHVDVFDQEHVHHQLQILJD	EUHVSHFWLYHO\2QIXUWKHUDQDO\]LQJ
LWKDVEHHQIRXQGWKDWZHDUJURRYHVDUHILQHLQZRUQSLQVXUIDFHRIFRPSRVLWHVXEMHFWHGWRORZORDGDVFRPSDUHGWR
KLJKHUORDG7KHGHSWKRIPLFURSORXJKLQJLVLQFUHDVHGRQLQFUHDVLQJORDGWRNJZKHUHFRQWDFWDVSHULWLHVFKDQJHWKH
VKDSH&RQVHTXHQWO\WKH VL]HDQGGHSWKRIWKHJURRYHVEHFRPHJUHDWHUDW WKLVVWDJH:HDUGHEULVDW ORZDQGKLJKHU
ORDGLHDQGNJKDYHEHHQLQYHVWLJDWHGDQGDUHSUHVHQWHGLQWKHVWXG\:HDUGHEULVRIFRPSRVLWHZLWKZW
ILQHVL]HJDUQHWUHLQIRUFHGDWNJDQGNJORDGV DUHVKRZQLQ)LJD	E7KHVL]HRIZHDUGHEULVLVVPDOOHURI
FRPSRVLWHZLWKILQHSDUWLFOHVDWORDGDVFRPSDUHGWRKLJKORDG:HDUGHEULVRIFRPSRVLWHZLWKZWFRDUVHVL]H
JDUQHWUHLQIRUFHGDWNJDQGNJORDGVLVVKRZQLQ)LJD	E
960   Anju Sharma et al. /  Procedia Materials Science  5 ( 2014 )  953 – 961 
)LJ 6(0PLFURJUDSKRIZHDUGHEULVRIFRPSRVLWHZLWKZWILQHVL]HJDUQHWUHLQIRUFHGDWDNJDQGENJ
ORDG
)LJ 6(0PLFURJUDSKRIZHDUGHEULVRIFRPSRVLWHZLWKZWILQHVL]HJDUQHWUHLQIRUFHGDWDNJDQGENJ
ORDG
7KHZHDU GHEULV JHQHUDWHG LV GXH WR GHODPLQDWLRQ RIPDWUL[PDWHULDO 6RPH RI WKH GHEULVZKLFK LV KDYLQJ UXJJHG
HGJHVDVVKRZQLVJHQHUDWHGE\PLFURFXWWLQJDFWLRQ>'DVHWDOLQ@)LJXUHEVKRZVWKDWWKHGHEULVLVRIVPDOO
VL]HGXHWRKLJKORDGRINJDOWKRXJKODUJHPHWDOOLFDQGPLFURFXWWLQJFKLSVDUHDOVRVHHQ
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&RQFOXVLRQ
$OXPLQLXPPDWUL[FRPSRVLWHVKDYHEHHQVXFFHVVIXOO\IDEULFDWHGZLWKIDLUO\XQLIRUPGLVWULEXWLRQRIJDUQHWSDUWLFOHV
'LVSHUVLRQRIJDUQHWSDUWLFOHV LQDOXPLQLXPPDWUL[ LPSURYHV WKHZHDUEHKDYLRURI WKHFRPSRVLWH )LQH VL]HJDUQHW
VDQGSDUWLFOHUHLQIRUFHGFRPSRVLWHH[KLELWVEHWWHUZHDUUHVLVWDQFHWKDQFRDUVHSDUWLFOHDWVDPHZHLJKWSHUFHQWDJHRI
UHLQIRUFHPHQW 7KHHIIHFW LVWKHLQFUHDVHLQLQWHUIDFLDODUHDEHWZHHQDOXPLQLXPPDWUL[DQGJDUQHWSDUWLFOHVOHDGLQJWR
WKH LQFUHDVH LQ VWUHQJWKDSSUHFLDEO\7KHDSSOLHG ORDGV DQGVOLGLQJGLVWDQFH KDYHDQHIIHFWRQ WKH WUDQVLWLRQZHDU
FRQGLWLRQ$GGLWLRQRIUHLQIRUFHPHQWGHOD\VWKHWUDQVLWLRQSRLQW00/ZDVUHVSRQVLEOHIRUWKHGHFUHDVHLQWKHZHDU
UDWH
$FNQRZOHGJHPHQWV
7KH DXWKRUV DUH WKDQNIXO WR $UPDPHQW 5HVHDUFK %RDUG $505(% 'HIHQFH 5HVHDUFK DQG 'HYHORSPHQW
2UJDQL]DWLRQ'5'2,QGLDIRUSURYLGLQJILQDQFLDOVXSSRUWXQGHUWKHOHWWHUQR$505(%&'6:IRUWKLV
VWXG\
5HIHUHQFHV
6XGDUVKDQ6XUDSSD 0.'U\VOLGLQJZHDURI IO\ DVKSDUWLFOH UHLQIRUFHG$$OFRPSRVLWHV:HDU

6KDUPD6&*LULVK%0.DPDWK56DWLVK %0*UDSKLWH 3DUWLFOHV5HLQIRUFHG=$$OOR\&RPSRVLWH
0DWHULDOVIRU-RXUQDO%HDULQJ$SSOLFDWLRQV:HDU
+DVKLP - /RRQH\ / +DVKPL06- 0HWDOPDWUL[ FRPSRVLWHV SURGXFWLRQ E\ WKH VWLU FDVWLQJ PHWKRG -
0DWHU3URFHVV7HFK
'DV6DQMHHY8GKD\DEDQX9'DV6'DV.6\QWKHVLVDQGFKDUDFWHUL]DWLRQRI=LUFRQ6DQG$OZW&X
&RPSRVLWHSURGXFHGE\6WLU&DVWLQJ5RXWH-0DWHU6FL 
$PLUNKDQORX61LURXPDQG%6\QWKHVLVDQGFKDUDFWHUL]DWLRQRI  6L&SFRPSRVLWHVE\VWLUFDVWLQJDQG
FRPSRFDVWLQJPHWKRGV7UDQV1RQIHUURXV0HW6RF&KLQDVV
5DMDQ 73' 1DUD\DQ 3UDEKX . 3LOODL 50 3DL %&  6ROLGLILFDWLRQ DQG FDVWLQJPRXOG LQWHUIDFLDO KHDW
WUDQVIHUFKDUDFWHULVWLFVRIDOXPLQXP PDWUL[FRPSRVLWHV&RPSRV6FL7HFKQRO
=KDQJ-DQG$OSDV$7:HDU5HJLPHVDQG7UDQVLWLRQVLQ$2 3DUWLFXODWH5HLQIRUFHG$OXPLQLXP$OOR\V
0DWHUL6FL(QJ$
&KDXGKXU\ 6. 6LQJK $. 6LYDUDPDNULVKQDQ &6 3DQLJUDKL 6& :HDU DQG IULFWLRQ EHKDYLRU RI VSUD\
IRUPHGDQGVWLUFDVW$O±0J± 7L2 FRPSRVLWHV:HDU
$UFKDUG-)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